Abstract. The aim of this research is to analyse (i) influence of cooperation with different partners and public funding on firms' willingness to innovate; (ii) how public funding and cooperation with different partners influence firms' innovation performance (turnover); (iii) effects of mutual interactions between firms' innovation activities, cooperation with different partners and public funding on firms' innovation performance (measured with turnover). The situation of 561 firms in Machines and Equipment industries in Germany was analysed because it is one of the most competitive economy in the world and one of the leaders in innovation within European Union. It allows to create unique benchmark and to propose implications that will be more appropriate and applicable also in other countries. For analyses, the data from Community Innovation Survey 2012-2014, which is a harmonized questionnaire and provides EU's science and technology statistics, was used, and new binary and multiple linear regression models were employed. Results of analyses show that provision of public subsidies, unlike cooperation, strongly influence firm's motivation to innovate. However, results also showed that supported innovation activities do not always lead to an increase in firms' innovative performance. Therefore, it can be pointed to the phenomenon of inefficiency of public innovation support in final consequence.
Introduction
Many studies have demonstrated that innovations are realized more effectively, when they have suitable births conditions and environment. The innovation environment (milieu) or positive business environment is the set of these conditions, various subjects and linkages. The knowledge subjects are spread among them, such as scientific research institutes and universities (also entrepreneurial universities; Guerrero, Cunningham, & Urbano, 2015) .
Primarily economic and social interactions and number of various determinants influence each innovation environment. Interactions of the subjects on the market are in accordance with their business strategy (Autio & Fu, 2015) . However, firms have to produce their products in limited capabilities, in accordance with customer wishes (it includes also the price, quality, timing etc.), to win the competition at the global market. Due to changing conditions in global markets, many firms use the new sources to gain competitive advantage -particularly knowledge, creativity, innovativeness and cooperation. These elements are becoming increasingly the integral part of every innovation environment. However, not every entity is able to exploit the full potential of its environment to create innovations and to benefit from positive knowledge spillovers.
For these reasons, there is a growing role of state and its interventions as the specific part of each business (innovation) environment. The state and its entities have an interest in success of the firms (firms help to increase GDP, value added, employment, increase the average wage of their employees etc.). The growing wealth of the workers leads to higher consumption and, by extension, greater prosperity and welfare of society in individual regions. For these reasons, the state or municipality seeks to promote innovative activity of the firms and the creation of knowledge spillover effects. The firms' ability to cooperate and create the innovations is supported by various public aid and subsidies (Spieth, Schneckenberg, & Ricart, 2014) . Many developed countries governments invest to the knowledge acquisitions, transfers and knowledge spillovers to develop the purposeful activity that is aimed at creating an innovative product or service (hereinafter referred to as "innovation activity" or "innovation").
Following the above mentioned reasons, the focus of this research is to analyse the influence of public funding and cooperation with different partners on firms' innovation activities and growth of firms' turnover. Specifically, it was necessary to propose own research model to analyse (i) influence of cooperation with different partners and public funding on firms' willingness to innovate; (ii) how public funding and cooperation with different partners influence firms' innovation performance (turnover); (iii) effects of mutual interactions between firms' innovation activities, cooperation with different partners and public funding on firms' innovation performance (measured with turnover).
The remainder of this paper is structured as follows. In the next section, the theoretical background for the innovation backgrounds and environment is presented. Section 2 provides the characteristics of the dataset and the research methodology. Section 3 provides the experimental results and discussion of the obtained results and conclusions of the paper can be found.
Theoretical background
The business environment, in which is possible to find the above subjects and processes, the principles of cooperation and expected outputs, is called an innovation system (Borrás & Edquist, 2013) . The innovation system can be analysed on a transnational -global level. It covers commercial transactions and knowledge transfers across nations. These transfers of knowledge are evident in the character of product development (visible in patent assignees), manufacturing, and installation, which commonly involve a number of different firms and nations. Because of the international nature of this process, analysis of narrower (e.g. firm or nation specific) datasets may fail to capture the innovation and commercial cycle (Bettencourt, Trancik, & Kaur, 2013) . Other scholars argue that, the global innovation systems is the only framework for innovation activities and support (Cook, 2013) . In practice, it is difficult to analyse global systems.
Therefore, in the 80s of the 20th century, attention was drawn to the national innovation systems (NIS). The systems, realized at the national level, help to create a positive business environment only in a general framework. The concept of the national innovation system has been gaining popularity as a core conceptual framework for analysing technological change, which is considered to be an indispensable foundation of the long-term economic development of a nation (Lundvall, 1992) . Many scholars highlight that, the national innovation system is a useful framework for public policy application. But the effectiveness of this tool varies between the developing and developed countries (Intarakumnerd, Chairatana, & Tangchitpiboon, 2002) . Some scholars conclude that governments can formulate and implement economic policies on national level that do not simply reflect individual firms. However, they have sufficient and positive linkages with other actors, especially the private non-governmental organizations sectors. The practice shows that NIS should constitute the public policy framework; however, it cannot be a tool for the development of all regions in the country (Claisse & Delvenne, 2016) . Every region develops at different pace; some measures in some regions may not be applicable at all etc. (Ács, Autio, & Szerb, 2014) . This was the basis for change and shift of the attention to the innovation systems at the regional level.
The regional innovation systems are more important since the 90s of the 20th century (Doloreux & Porto Gomez, 2017) . This type of system usually combines three sets of entities: private (firms); public (government); knowledge (universities), and helps them to cooperate and create innovative outputs. Carreira and Lopes (2018) stated that regional (and local) innovation systems (RIS), the process of interactive learning and systemic innovation has a strong local dimension, as spatial, institutional and cultural proximity favours closer links, as well as stable knowledge partnering among different types of actors. The dense network of vertical and horizontal relations between actors is crucial for this type of networking. They further report that the territorial system in which firms operate is shaped by a set of "soft" factors (for example, norms, codes of conducts, modes of social regulation) and is characterized by specific infrastructure (transport, telecom), knowledge providers (universities, research institutes, technology transfer centres, etc.), and governance mechanisms, which often work through institutions such as government departments, as well as private business associations, chambers of commerce and development, training and promotion agencies (Merickova, Nemec, & Svidronova, 2015) .
The regional actors have among themselves the various knowledge-based or cooperative-based relationships and ties. These relationships have been described by Leydesdorff and Etzkowitz (1998) and are well-known as Triple-helix principle. In this context it should be noted that some studies highlight the unclear role of public bodies, especially national or regional governments (Etzkowitz, 2003) . Many studies perceive their effects rather negatively. The positive impact of public interventions in regional innovation systems has been reported e.g. by Coenen, Asheim, Bugge, and Herstad (2017) . They point to the character of fiscal aid, but some of them point to the need to have a diversity in support (not to provide the support of type "can watering"), further to the need for a clear aim (determining measurable objectives with clear time horizons) and to an agreement on the use of appropriate tools to achieve these goals.
If the subjects cooperate (in the regional innovation system or other networking) on various projects and knowledge-based activities, the knowledge spill-over effects are a natural consequence of these activities (Huggins, Izushi, Prokop, & Thompson, 2014) . It is the unintended effect that occur just when cooperating. It is a specific form of knowledge diffusion and enriching by its application in practice (Prochazka & Hajek, 2015) . So that they may occur, at least two main subjects (transmitter and receiver) of the learning process must be present. And these subjects must be in collaboration. It should be noted that it is a long process; the results cannot be predicted in advance in any way (Carreira & Lopes, 2018) . In the positive case the knowledge spill-over effects become a major determinant of innovation processes in firms (Prokop & Stejskal, 2017) . All R&D expenditures that are invested from the firm, university or the state (municipal) budget in this learning process are a very risky investment. In addition, many studies have shown the positive effect of knowledge spill-over effects, but also highlight the difficulties in measuring the knowledge spillover processes (Braunerhjelm, Ding, & Thulin, 2018) . Indeed they concluded that there are different influences of knowledge spillovers on innovation activities within various industries and countries (Corrocher & Cusmano, 2014) .
For the reasons mentioned above, it was necessary to study the most important variables influencing the innovation capabilities in German Machines and Equipment industries. Generally, Germany represent the group of countries that are able to develop their innovation potential and one of the global leaders in innovation and competitiveness, not only in the context of the knowledge economy. One of the reasons is that the German government supports innovation and private investment in R&D (Germany: STI Outlook, 2014) . However, there is a lack of studies analysing determinants of innovation performance in Germany. Niebuhr and Peters (2012) analysed relation between labour diversity and firms' innovation activities in Germany; Robin and Schubert (2013) analysed the influence of firms' cooperation with public research centers on firms' innovation activities (product and process) in Germany and France; Czarnitzki and Lopes-Bento (2014) analysed the influence of national and European public funding on innovation inputs and outputs at firm level in Germany. However, there are no studies analysing these effects together and analysing whether these determinants influence innovation performance in a positive or negative way.
Moreover, national and European public policies are aimed at supporting cooperation between the private and public sector. However, these collaborations (supported from national funds) are not always efficient (Merickova, Prokop, & Stejskal, 2016) . Therefore, it is necessary to follow these arguments and create own research model (see Figure 1) to reach the aim of this study mentioned above.
Research methodology
Data for analyses were obtained from Community Innovation Survey 2012-2014. Community Innovation Survey (CIS) is a harmonized questionnaire, part of the EU's science and technology statistics and is carried out every two years by the EU member states and a number of ESS member countries. This is the latest data currently available at the Eurostat (the delay in publishing micro data allowing broad international macroeconomic analyses is about 4 years). The survey is limited to firms with at least 10 employees. Note that, not all firms in the sample answered all questions. Therefore, missing data had to be treated. The common procedure for this task was used. It was necessary to replace the missing values with median values of the respective country and industry.
The methodological process of the research is based on own proposed research model (see Figure 1 ) and consists of following steps:
First, this study analyses the influence of firms' cooperation with different partners and public funding on firms' willingness to innovate and define following research questions (RQ):
RQ1: What factors influence firms' willingness to innovate? a) the cooperation with which partner does most influence firms' willingness to introduce product / service / process innovation? b) how public funding does influence the firms' willingness to introduce product / service / process innovation?
Second, the study analyses how public funding and cooperation with different partners influence firms' innovation performance (turnover) and define following research questions:
RQ2: What factors influence firms' innovation performance (turnover)? a) how cooperation with different partners does influence the firms' innovation performance (turnover)? b) how public funding does influence the firms' innovation performance (turnover)? Third, study investigates the effects of mutual interactions between firms' innovation activities, cooperation with different partners and public funding on firms' innovation performance (turnover) and define following research question: RQ3: What are the impacts of mutual interactions between firms' innovation activities, cooperation with different partners and public funding on firms' innovation performance (measured with firms' turnover)? In the first step, the relationship between a set of explanatory variables (cooperation, public funding) and discrete responses (willingness to innovate) by using binary logistic regression models is explored. The discrete -binary response Y of an individual unit can take only two values, denoted by 0 or 1 (to innovate = 1; not to innovate = 0) similar to previous related studies (e.g. Coad & Rao, 2008; Retherford & Choe, 2011; Schneider & Spieth, 2013 or Chatterjee & Hadi, 2013 .
In the second and third step, the relationship between one continuous dependent variable and a number of different categorical and continuous variables (see Table 1 ) by using multiple linear regression models was analysed. The dependent variable is the firms' turnover (innovation performance) represented by the % of turnover in new or improved products introduced during 2012-2014. The optimal time delay between input and output variables was analysed by number of researchers (e.g. Hollanders & Celikel-Esser, 2007; Wang & Huang, 2007) . Grilliches (1990) empirically proved that there is no time delay with significant impact on the results of analyses. Therefore, analysed data were obtained without expecting time delay between inputs and outputs. This could be a limitation of this study. Two variables were also added to the model as control variables (R&D expenditures and participation in the group of enterprises).
In total, this study analysed 561 firms in Machines and Equipment industries (NACE 28, 33) . Verifying whether the data from CIS were correlated was conducted by using Spearman's test. All calculations were made in statistical software's IBM SPSS and STATISTICA (StatSoft Inc., 2011) . Values of Spearman's test rejected the hypothesis that the data are correlated at the level of significance p < 0.05. After fulfilling the first prerequisite (uncorrelated data) and refusal to multicollinearity in the model, the analysis itself was conducted.
Selected are shown in Table 1 . These independent variables were divided into following groups:
-Cooperation that represents one of the most important sources of competitive advantage. Cooperation with a diverse set of partners leads to learning opportunities with regard to both cooperation and innovation skills and hence is expected to enhance the firm's performance (Van Beers & Zand, 2014) . For example, cooperation with firms within enterprise groups provide knowledge and resources from their wider groups (Tether, 2002) ; cooperation with universities that are seen as generators of new knowledge and university research which is a key component of nation's innovative capacity (Gulbranson & Audretsch, 2008) . -Innovation while different innovation activities significantly influence the firm performance (Camisón & Villar-López, 2014 ). However, patterns in innovation structures are becoming increasingly diverse, complex and nonlinear (Hajek & Henriques, 2017) and, therefore, there are growing significant differences in innovation activities and performance. Therefore, there is a need to distinguish between different types of innovation (e.g. goods, services and processes) and measure their influence on firms' performance independently. -Financing which provide additional financial sources that could support firms' innovation. The use of public funding to foster private research and development (R&D) activities is a common practice in many countries (Zúñiga-Vicente, Alonso-Borrego, Forcadell, & Galán, 2014) . On the other hand, these financial sources influence firms' performance differently. Prokop, Stejskal, and Hajek (2018) also show that these sources could be inefficient in specific cases. For these reasons, it was necessary to separate different kinds of financing. -Control variables that include R&D expenditures that can support firms' R&D ac-tivities, which create an organizational climate that, is propitious to questioning, thus favoring the flexibility of firms, their capacity to integrate new concepts and their adaptability to market changes (Raymond & St-Pierre, 2010) . Participation in the groups of enterprises while firms that belong to the enterprise group are better informed of the capabilities of potential partners due to knowledge pooling and the activities of other members of their group -it can help them for example to reduce costs and bring benefits from knowledge spillovers (Tether, 2002) . COGOV Legend: COUNI -co-operation partner: universities or other higher education institutions, COGPco-operation partner: other enterprises within enterprise group, COSUP -co-operation partner: Suppliers of equipment, materials, components, or software, clients or customers, COGOV -co-operation partner: government or public research institutes, INN_G -introduced onto the market a new or significantly improved good, INN_S -introduced onto the market a new or significantly improved service, INN_P -introduced onto the market a new or significantly improved process (method of production; logistic, delivery or distribution system; supporting activities), FUNLOC -Public funding from local or regional authorities; FUNGMT -public funding from central government, FUNEUpublic financial support from the EU, RDEXP -firms' expenditures on innovation activities; GP -part of the group of enterprises.
Results and discussion
In the following part, the results of regression models are shown. Firstly, the effects of cooperation with different partners and provision of public subsidies from local, national and European funds on firms' willingness to innovate are investigated. Results in Table 2 show that public subsidies are a strong incentive for German Machines and Equipment firms to produce various types of innovation (RQ1b). These results support results already published in various works, for example Bronzini and Piselli (2016) proved impact of R&D subsidies on firm innovation (patent applications) in Italy; D. Guo, Y. Guo, and Jiang (2016) examined the effects of government-subsidized R&D on firm innovation outputs (number of patents, sales from new products, and exports) in China.
On the contrary, the results show that it is not significantly important for the innovation creation whether or not firms cooperate in innovation processes (RQ1a). Just the collaboration in group of firms has a significant impact on the process innovation. Lhuillery and Pfister (2009) studied the same situation in France based on CIS data. They stated that firms' collaboration with universities or other partners suffer from the time delay of the outputs, high financial demands and inoperative cooperative structures. Lhuillery and Pfister have called it as "cooperation failures". Based on these results, it cannot unambiguously be confirmed that even German firms are failing because the causal links have not been investigated. However, the results of regression models confirm the insignificant impact of co-operation on innovation. Some results (though not significant) indicate a negative impact on innovation activities. Correctly predicted (%) 84.8 91.3 78.8 Legend: * statistically significant at p = .10, ** at p = .05 and *** at p = .01.
In the second phase of the research, the multiple regression model to analyse influence of innovation activities, cooperation with different partners and public subsidies on firms' turnover (innovation performance) was used. The correlation coefficient R of the research model reached the value of .951 and the coefficient of determination R2 reached .905. P-value was measured at .000. P-value showed that research model is significant at p < .01 and therefore there was a rejection of the null hypothesis and the model could be regarded as significant. Table 3 shows individual (direct) effects of selected determinants mentioned above. Results show that service innovation, European funds, cooperation with universities and government and expenditures to research and development (innovation expenditures) positively and significantly influence firms' innovation performance.
Examination of the direct influence of individual variables on the dependent variable showed rather surprising results. The results confirmed a negative impact of some variables: local and national funding. This confirms the assumption that the provision of public support from local and national budgets does not necessarily lead to the intended effects of enhancing innovation capabilities and the production of innovation (RQ2b). This can be explained by the small amount of provided public funds, or support of localization or incentives, investment, or environmental measures. The results lead surprisingly to negative results with product innovation or collaboration based on supplier-customer base or on group of firms' base (RQ2a). Legend: * statistically significant at p =.10, ** at p =.05 and *** at p = .01.
However, in practice combinations of variables occur more often. The firms are expecting synergic effects or knowledge spillover effects. Therefore, various combinations of innovations with the variables examined (types of cooperation and financial funds) were analysed. The results are summarized in Table 4 . The results in Table 4 answer RQ3 and show that if public support from local and national budgets is targeted to the right type of innovation, a significant positive impact can be achieved. The result of these innovation processes is the output that succeeds in the markets; it is commercialized and increases the turnover of the firms (such as public support for the creation of service innovation in analysed industrial branch in Germany).
In cooperation, the situation is similar. The results show that cooperation with universities rather reduces the revenues from innovative activities aimed at creating the most important innovations (productions and services). The results can be labelled as unequal and unambiguous, recommendations cannot be derived from them. It turns out that other mutual combinations of variables, which are in practice, need to be examined.
Conclusions
Nowadays, innovations represent key factors in the process of gaining competitive advantage. Firms are therefore pushing to innovate. However, there are number of limitations that do not allow firms to be successful during innovation processes. For example, insufficient financial resources, knowledge base, and technology limit firms. For these reasons, firms are finding cooperation partners to gain external knowledge, share costs, technologies and to build up innovation partnerships. EU and national governments support these cooperation's, as well as firms' creation of innovation. However, there is a growing question as to whether these activities lead to the creation of innovation that really influence firms' performance (turnover) and helps them to gain competitive advantage.
Results of this study show that public funding significantly influence firms' willingness to innovate. It is in accordance with previous studies, e.g. Bronzini and Piselli (2016) proved the impact of R&D subsidies on firm innovation in Italy. Broekel, Fornahl, and Morrison (2015) also showed that subsidies for R&D cooperation are a suitable policy measure for stimulating the innovation efficiency of regions in Germany. In contrary, these subsequent results show that these innovation activities do not lead to the growth of firms' innovation performance. This situation can be called as "phenomenon of inefficiency in public innovation support. " Dai and Cheng (2015) reached similar results and showed that public subsidies on corporate R&D investment varies with different levels of public subsidies and evaluated the effect of varying degrees of public subsidy on firms' R&D effort. This phenomenon can be preceded by consistently defined rules of supporting financial programs, emphasizing the outcomes and their implications of innovation projects, not just projects' outputs. Moreover, inappropriate targeting of public funds (mostly local and national) could lead to significant decrease of firms' innovation performance. Similarly, cooperation with various partners leads to decrease of firms' innovation performance in a number of cases. Surprisingly, firms are not motivated to cooperate on innovation activities, except cooperation on process innovations within groups of enterprises and with universities.
Following the results above, it can be proposed creating better conditions for cooperation between firms, specifically within groups of companies and public research institutes (universities). For example, through suitable financial support for particular industrial branch, tax benefits, incentives, revised public policy of education, regional policy etc. There is also need to deepen the trust between companies because it could support the share of knowledge and expenditures. Moreover, firms that belong to company groups are able to draw on resources from within their groups and prestige of their groups in seeking partners for innovation. Nowadays, there is also problem that firms and public entities have different interests and expectations (e.g., firms want to increase their profits and to protect their knowledge; however, universities and its researchers must publish and share knowledge). Therefore, it must be also proposed to find common interests (targets) between firms and public institutions for example in the various kinds of conjoint projects.
It should be remembered some limitations of this research. The first limitation is the data that was used in the research. Dataset was published by Eurostat with a long delay. Therefore, research outputs correspond to the situation in 2014. However, it can be assumed that due to the overall time lag in economies, the results can be considered significant. Second limitation is the explanatory power of the data and the results, which applies only to the selected industry and the state. Third limitation is that analysed data were obtained without expecting time delay between inputs and outputs. For the future research, it must be realized the comparison between industries as well as between countries and deeply analyse the influence of other determinants of the knowledge economy on firms' innovation performance.
